INTRODUCTION {#sec1-1}
============

Patients in Intensive Care Unit (ICU) may suffer from a variety of acute abdominal pathologies for which an accurate diagnosis is mandatory and definitive to avoid unnecessary and risky operations in patients that are already critically ill. Difficulties in diagnosis represent a challenge for surgeon and intensivist in anaesthetised, sedated patients, in whom symptoms and signs are unclear, the physical examination is unreliable and laboratory parameters might not provide the necessary data to perform a diagnosis.

The early and appropriate diagnosis of acute life-threatening intra-abdominal pathologies is the key determining the clinical outcome and the only way to increase the patient\'s chance of survival.

A variety of diagnostic examinations such as ultrasonography (US) and computed tomography (CT) are available for surgeons to help them in such a variety of diagnostic dilemmas, but, although the radiological techniques are non-invasive, they offer varying degrees of diagnostic efficacy and often, in critically ill patients may results non-conclusive.

Historically, in patients with a suspected and occult intra-abdominal disease associated to organ dysfunction, the use of empiric exploratory laparotomy was widespread,\[[@ref1]\] even if it has not led to an overall decrease in mortality as the procedure itself involves many risks. Moreover, a large percentage of these laparotomies are negative or non-therapeutic\[[@ref2]\] and are associated with a high-morbidity rate (22%).\[[@ref3]\]

The aim of this retrospective study is to evaluate the safety and diagnostic accuracy of bedside diagnostic laparoscopy in the identification of intra-abdominal pathology in critically ill patients and to compare its accuracy and outcomes with the ones of laparotomy. The goal is to demonstrate the efficacy of bedside laparoscopy as a diagnostic aid in ICU patients with possible intra-abdominal critical conditions.

PATIENTS AND METHODS {#sec1-2}
====================

Data collection {#sec2-1}
---------------

A retrospective review was conducted on the medical records of patients admitted to the ICU of Careggi University Hospital, in Florence (Italy) and submitted to bedside diagnostic laparoscopy between January 2006 and May 2017. To determine the outcome of patients submitted to bedside laparoscopy, this group of patients was compared with a group of patients that were admitted to the ICU of Careggi University Hospital from January 2006 to May 2017 and submitted directly to explorative laparotomy for suspected intra-abdominal pathologies. Data were retrospectively collected from chart records and operating room registers and collected in a database in the General, Emergency and Minimally Invasive Surgery Unit of the Careggi University Hospital.

Indications for bedside laparoscopy {#sec2-2}
-----------------------------------

A bedside diagnostic laparoscopy was performed if clinical signs and/or laboratory findings and/or imaging findings were suggestive of intra-abdominal pathologies, without a conclusive diagnosis. Specific indications included unexplained sepsis or multisystem organ failure, a non-conclusive radiological examination or the inability to perform a CT scan because of the critical conditions of the patients.

Contraindications for bedside laparoscopy {#sec2-3}
-----------------------------------------

Contraindications for bedside diagnostic laparoscopy included patients with a clear indication for surgical operation and/or with a CT scan or US images diagnostic for abdominal pathologies, previous multiple abdominal surgery with multiple incisional scars, the presence of an uncorrectable coagulopathy and the presence of cardiorespiratory failure.

Instrumentation {#sec2-4}
---------------

Bedside diagnostic laparoscopy requires a basic laparoscopic set including a 30° laparoscope, a monitor, an Hasson trocar for the abdominal entry and two 5 mm trocars, manipulating instruments, a light source and cord, insufflator with appropriate tubing and a suction setup. These instruments are stored on one portable cart that can be easily accessed and transferred to the ICU when needed.

Pre-operative technique {#sec2-5}
-----------------------

All procedures were performed in an isolated single bedroom of the ICU ward \[[Figure 1](#F1){ref-type="fig"}\]. All the staff present (a nurse from the operating room, one anaesthetist, two ICU nurses and two surgeons) wore protective clothing, a surgical cap, gloves and a surgical mask. The sterility was guaranteed by adherence to routine operating-room protocols.

![Setup of laparoscopic equipment at patient\'s bedside in Intensive Care Unit](JMAS-15-56-g001){#F1}

Anaesthesiological technique {#sec2-6}
----------------------------

The anaesthesiologist monitored the haemodynamics of all the patients including the invasive arterial blood pressure, pulse rate, electrocardiogram, pulse oximetry and on duty directed the administration of total intravenous anaesthesia, ventilation and haemodynamic support. General anaesthesia was performed with a bolus of propofol (1--2.5 mg/kg), midazolam (0.15--0.2 mg/kg) or ketamine (0.5--1 mg/kg) and remifentanil (0.5--1 μg/kg/min) or fentanyl (1--2 μg/kg), followed by an infusion of propofol (4--12 mg/kg/h) and fentanyl (25--100 μg) or remifentanil (0.5--1 μg/kg/min). The neuromuscular block was achieved with atracurium (0.5--0.7 mg/kg). During the procedure, patients were mechanically ventilated (volume-controlled: 6--8 ml/kg; FiO~2~: 40%--70%; positive end-expiratory pressure: 6--10 cmH~2~O) and if required, the haemodynamic support was established by means of noradrenaline (0.1--1 μg/kg/min) and/or dobutamine (2--6 μg/kg/min) infusion.

Surgical technique {#sec2-7}
------------------

Patient preparation consisted of cutaneous abdominal disinfection with povidone-iodine (10%), sterile draping and local anaesthesia for the trocar sites. The entry in the abdomen was performed using an open Hasson technique with a 10--12 mm trocar placed in the paraumbilical region. Once the abdomen is insufflated (8--10 mmHg of intra-abdominal pressure), the laparoscope is inserted and the abdomen inspected in all 4 quadrants. A 2^nd^ and 3^rd^ trocar are placed in the left part of the abdomen to explore the right quadrants and then are removed and placed in the right part of the abdomen to explore the left quadrants. At the end of the procedure, the trocars were removed, and the open access entry was closed with a suture of the fascia. The skin was closed with staples or sutures.

Compliance with ethical standards {#sec2-8}
---------------------------------

This retrospective study is in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. This article does not contain any studies with animals performed by any of the authors.

Statistical analysis {#sec2-9}
--------------------

Data were expressed as a mean ± standard deviation. Statistical analyses were performed with the Chi-square test, Fisher exact test or *t*-test. Statistical significance was set at *P* \< 0.05 and resulting *P* values were adjusted according to Bonferroni correction method. Data were analysed using the SPSS statistical software, IBM® (New York, United States).

RESULTS {#sec1-3}
=======

Throughout the time of the study (125 months), 129 patients (M/F = 81/48) with a mean age of 71.64 years, underwent bedside diagnostic laparoscopy in ICU. Within this group of patients, 90 patients were enrolled after post-cardiac surgery, 25 for sepsis and 14 were post-traumatic patients. This bedside laparoscopic group of patients was compared with a group of 154 patients hospitalised in ICU and submitted directly to explorative laparotomy in operatory room (mean age 75.70 years, M/F = 94/60) consisting of 73 patients enroled after post-cardiac surgery, 77 patients for sepsis and four patients after a traumatic event. On average, bedside diagnostic laparoscopy was performed within 11 days (range 6--16) from the ICU admission and lasted 31.27 ± 6.35 min. The general characteristics of the populations studied are reported in [Table 1](#T1){ref-type="table"}.

###### 

General characteristics of the populations studied

![](JMAS-15-56-g002)

There is no statistically significant difference between the group of patients submitted to bedside laparoscopy and the group of patients submitted directly to laparotomy, except for the mean age that is statistically higher in the laparotomic group (*P* \< 0.05) and the number of septic patients that was higher in the laparotomic group (*P* \< 0.05).

Among the 129 patients submitted to bedside laparoscopy, 69 (53.49%) were positive for intra-abdominal pathologies while 60 (46.51%) were negative whereas among the 154 patients submitted directly to laparotomy, 118 (76.62%) were positive for intra-abdominal pathologies, while 36 (23.38%) were negative. A statistically significant difference was found in terms of positive/negative findings between the two groups (*P* \< 0.05).

It is important to note that, by analyzing the laboratory data of 129 patients submitted to bedside laparoscopy, there was no statistically significant difference in terms of lactate, haemoglobin, white blood cell, procalcitonin, total bilirubin and international normalised ratio between the positive bedside laparoscopy subgroup (69 patients) and the negative bedside laparoscopy subgroup (60 patients), as shown in [Table 2](#T2){ref-type="table"}.

###### 

Laboratory data of patients with positive and negative findings to bedside laparoscopy

![](JMAS-15-56-g003)

The general results of intra-abdominal pathologies of patients positive to bedside laparoscopy and laparotomic exploration are reported in [Table 3](#T3){ref-type="table"}.

###### 

General results of intra-abdominal pathologies of patients positive to bedside laparoscopy and laparotomic exploration

![](JMAS-15-56-g004)

Among the 69 patients with a positive bedside laparoscopy in the ICU, only 58 underwent a surgical operation, as six patients had a bowel hypoperfusion treated conservatively and in 5 patients there was a complete bowel ischaemia from Treitz to the descending colon with no chance of survival for the patients. It is worth considering that in 55.03% of all patients submitted to bedside laparoscopy, a non-therapeutic laparotomy was avoided.

Among the total number of patients submitted to laparotomy, instead, 23.37% had a negative laparotomy without intra-abdominal findings while in 5.19% of patients, there was a complete bowel ischaemia with no chance of survival for the patient (no resection was performed), and in 5.19% of patients, there was a diffuse bowel hypoperfusion without necrosis, not susceptible to surgical treatment. It is evident that the 33.76% of patients submitted directly to laparotomy had a non-therapeutic laparotomy that could be avoidable.

There is a statistically significant difference (*P* \< 0.05) in terms of therapeutic laparotomies performed and in terms of non-therapeutic laparotomies avoided or avoidable between the group of patients submitted to bedside laparoscopy in ICU and the group of patients submitted directly to laparotomy.

There were two intraoperative complications among the overall patients submitted to bedside laparoscopy (2 omental bleeding deriving from injury due to trocar placement, resolved with coagulation) and 7 among the overall patients submitted directly to laparotomy. There were no statistically significant differences in terms of intraoperatory complications between the group of patients who underwent bedside laparoscopy and the group of patients who were submitted directly to laparotomy, evaluating that parameter even within the subgroup of positive laparoscopy/laparotomy and the negative laparoscopy/laparotomy one.

There were 13 post-operatory complications in patients who underwent bedside laparoscopy (four surgical site infections, five post-operative ileus, three respiratory complications and 1 surgical site haematoma) and 32 in patients who were directly submitted to exploratory laparotomy (14 surgical site infections, six post-operative prolonged ileus, four early mechanical post-operative occlusions, five respiratory complications and three intra-abdominal haematomas). An overall view highlights that the rate of post-operatory complications in the group of patients submitted directly to laparotomy was statistically higher than that of the group of patients submitted to bedside laparoscopy (*P* \< 0.05). Moreover, there was no statistically significant difference in terms of post-operatory complications between the subgroup of patients who were reported positive to bedside laparoscopy and the subgroup of patients who were reported positive to laparotomy, while the rate of post-operative complications in the subgroup of patients who were reported negative to bedside laparoscopy was statistically lower if compared to that of the subgroup of patients who turned out to be negative to laparotomy (*P* \< 0.05).

The overall mortality for patients submitted to bedside laparoscopy was of 30.23%, while for patients submitted directly to laparotomy was of 34.41% (not statistically significant difference). Moreover, there was no statistically significant difference in terms of mortality between patients who had a positive outcome to bedside laparoscopy (40.57%) and laparotomy (33.05%). The percentage of patients deceased after a negative bedside laparoscopy (18.33%) was, instead, statistically inferior to the percentage of patients deceased after a negative exploratory laparotomy (38,88%) (*P* \< 0.05).

There was a statistically significant difference (*P* \< 0.05) in terms of mean operatory time between the 58 patients submitted to laparotomy in operatory room after a bedside laparoscopy in ICU (82.50 ± 45.23) and the 154 patients submitted directly to laparotomy (118.39 ± 31.65).

DISCUSSION {#sec1-4}
==========

The diagnosis of abdominal pathologies in critically ill patients is often difficult because radiological examinations sometimes do not provide any specific findings. In a recent study published by Just *et al*. in which the role of CT is analysed in the identification of a potential infectious source in critically ill surgical patients, CT detected an infectious source in 52.8% of cases, and this was associated with a change in treatment in 85.5% of cases. Conversely, patients without identification of an infectious source at CT imaging, treatment was changed in 16.2% of cases.\[[@ref4]\] The authors close the study by asserting that CT in clinically ill patients should be analysed more accurately. Moreover, CT is associated with a high sensitivity (96%) in the diagnosis of non-occlusive mesenteric ischaemia in patients after cardiovascular surgery, but lacks specificity (33%--60%), with high rates of false-positive results.\[[@ref5]\] This aspect may reflect the non-specific nature of many of the imaging features, which are present in 20%--60% of cases.\[[@ref6]\] Laparotomy may be considered the major method to perform an accurate diagnosis, but a negative or non-therapeutic laparotomy can be associated with a morbidity rate up to 22%.\[[@ref3]\] It is important to consider that a large percentage of these exploratory laparotomies have negative results and that even when they reveal a pathologic condition, surgery may not be life-saving or the condition might be managed non-operatively. Consequently, in extremely critically ill patients, hospitalised in ICU, it is an important to avoid a non-therapeutic laparotomy which will definitely increase morbidity and mortality. Laparoscopy may be helpful in diagnosing abdominal diseases by providing the surgeon with a versatile procedure brought next to the patient, thus avoiding also the inconvenience or risks of transporting the patients (dysrhythmias, hypotension, respiratory distress and artificial airway of intravenous line removal\[[@ref7][@ref8]\]). Moreover, it could be helpful mostly when radiological examinations are not conclusive for a diagnosis and there are discrepancies between laboratory tests, clinical findings and radiological imaging, in such selected patients in which a prompt diagnosis and treatment are the sole chance of survival. From 1992 to date, several authors have described their experience with this procedure, and in all the studies, a change in clinical management after bedside laparoscopy is reported with a range from 27% to 70%\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\] \[[Table 4](#T4){ref-type="table"}\]. All studies highlighted the effectiveness and safety of the procedure in the diagnosis of intra-abdominal conditions in patients with sepsis of unknown origin or in patients who were submitted to open-heart surgery.
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In our study, 129 critically ill ICU patients were submitted during 125 months to bedside laparoscopy. Among these patients, 53.49% were positive for intra-abdominal pathologies, while 46.51% were negative. Comparing these data with the group of patients who were submitted directly to laparotomy, it appears evident that the laparotomic group had less negative findings. This may be explained by the fact that while patients submitted to bedside laparoscopy had an inconclusive radiological examination for an intra-abdominal pathology (or it was too risky to transfer them to the radiological department for a CT scan), patients were submitted directly to laparotomy when radiological examinations provided a clear picture of an intra-abdominal condition. However, there is no difference in terms of laboratory data between the patients who were reported positive to bedside laparoscopy and those who were reported negative to it. All these patients had a critical condition and were considered a controversial case. The data stemming from our study show that in 55.03% of all patients submitted to bedside laparoscopy were avoided a non-therapeutic laparotomy, while in patients submitted directly to laparotomy, 33.76% had a non-therapeutic laparotomy that could have been avoided. Even if patients submitted to bedside laparoscopy had similar intraoperatory complications to patients submitted directly to laparotomy, post-operatory complications were higher in the group of patients submitted to laparotomy, especially in the subgroup of patients who were reported negative to explorative laparotomy. Furthermore, even if the mortality rate between patients submitted to bedside laparoscopy was similar to that of patients submitted directly to laparotomy, it appears clearly that the percentage of patients deceased after a negative bedside laparoscopy (18.33%) was statistically lower than the percentage of patients deceased after a negative exploratory laparotomy (38.88%). Moreover, if we consider the mean operating time of the 58 patients submitted to therapeutic laparotomy after a positive bedside laparoscopy, there is evidence that it was lower than that of patients submitted directly to laparotomy. This could be due to the fact that after a bedside exploratory laparoscopy, the surgeon already has a precise plan of what should be performed and can, in fact, perform a kind of 'tailored laparotomy'.

Bedside laparoscopy definitely provides some advantages for patients in ICU; however, it is also important to consider the constraints and disadvantages of this technique. First of all, it is an invasive procedure which implies the possibility of complications, it is limited to the surface anatomy and has a low sensitivity for retroperitoneal diseases; it requires expertise in the laparoscopic technique and appropriate resources and trained staff. Moreover, it may have a reduced sensitivity in the early stages of intestinal ischaemia because the mucosa can be extensively ischemic while the bowel might still appear normal at external inspection. This drawback may be overcome by using fluorescein-assisted laparoscopy, which can identify also early stages of ischaemia, as reported in our previous study.\[[@ref26]\]

While considering all the limitations of this procedure, this study demonstrates the feasibility and accuracy of bedside diagnostic laparoscopy in the assessment of abdominal pathologies in selected critically ill patients in which radiological examinations are not conclusive for a diagnosis and there is a discrepancy between laboratory tests, clinical findings and radiological imaging. A timely diagnosis and treatment are definitely the only chances for survival for critically ill patients, and bedside diagnostic laparoscopy should be included in the diagnostic algorithm for the evaluation of such patients.

CONCLUSIONS {#sec1-5}
===========

In conclusion, our results pinpoint the advantages of performing bedside diagnostic laparoscopy in the ICU setting, which can be considered an option every time there is the suspicion of an intra-abdominal condition based on suggestive, but non-conclusive, laboratory or radiological results, on in the rare case in which it is unsafe to transfer a critically ill patient to the radiology department.
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